IMPROVEMENTS IN HEAT DISSIPATION FOR ELECTRONIC ENCLOSURES 

Rrffrence to Related, Application 
10001] This application is related to co-pending application Sena! No. 10/289,1 32, filed 
on November 5, 2002 and entitled METHODS AND SYSTEMS OF HEAT TRANSFER 
FOR ELECTRONIC ENCLOSURES (the U32 Application), The '132 Application . 
incorporated herein by reference. 

Technical Field 

[0002] The present invention relates to electronic equipment enclosures such as 
telecommunications repeater housings. More particularly, the invention relates to 
methods and systems of improved heat dissipation for electronic enclosures. 

BACKGROUND 

10003) Electronic cards such as telecommunications repeaters and other electronic 
equipment are often housed in enclosures that are required to bear the elements above 
ground or below greund. The elements inc.ude bu, are not limited to ground water, sun, 
rain sal. fog, po.lution, heat, cold, as well as fire. Often the underground installations are 
subjected to partia. or total submersion in water and are required to be sealed agamst a 
pressure differential. These sealed enclosures are a!so required to remove energy, usually 
in the form of heat, generated by the electronic equipment in the enclosures. Many 
enclosures trap heat generate* by .he electronics. The build up of heat within these 
enclosures can cause significant problems for me electronic equipmen. by challenging .he 
temperature limits of the electronic devices and causing device failure. 
,00041 The enclosures are designed in a variety of configurations. One design for an 
electronics enclosure is substantially cylindrical In some instances, electronics cards 
mounted within .he cylindrical enclosure are oriented tangential to .he outer wall. In 
some designs .he cards are mounted such tat .wo cards are stacked .ogetiter, having an 
outer card in indirect .henna! contact with .he enclosure and an inner card parallel to .he 
outer card that may be thermally connected to the outer card. 
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,0005) Many problems have arisen with respect to heat boild op within these enclosures. 
The inner eards run hotter than the outer eards and as a result failure rates are higher for 
the inner eards. The path from the inner eards to the exterior of the enelosure ,s 
significantly longer than me outer eards. Good heat dissipation requires eon S ,s«ent and 
preferably direct eontac. between transfer materials e.g. die eleetronies card, card cages, 
and housing. 

,00061 In some designs a card cage is used to contain the electronics cards. Often 
enclosures include card cages that collect and release heat into the enclosure environment 
and the heat becomes trapped. These card cages are typically single structures that 
continually exchange heat between the cams and the air within the enclosures wuhou. 
subs-ially moving the hea, to the exterior of the enelosure. Because the card cage.s 
one structure the sfructure becomes sabarated with energy and can increase the hea. bund 
up within the enclosure. 

,00071 Some applications provide a series of materials through which hea. is transferred 
from .he electees devices to the ambient ai, For example some electronic enclosures 
transfer heat from multiple electronic eards to a single card cage to a conductive Imer to 
one or more heat sinks to an enclosure. 

,00081 U is difficult ,o get and keep the eleefronies eards in contact with the card cage. If 
good comae, is no, maintained poor heat dissipation results and the rate of failure for the 
etectronic devices is high. Some enclosures include active devices such as cams .ha, 
roouire a technician or user ,0 engage the device. The active devices force the eleetromc 
eards and card cage into contact bu, are prone ,o failure and are often overlooked by 
technicians and no, engaged. Additionally, electronic cards come in many Afferent 
styles and contact with hea. transfer members do no, take into consideration open frame 
repeaters where the repeaters are encased in a box or frame with a portion of the s.des 
removed. 

|0009| Electronics eards are also susceptible to vibration and gravfty. Cards are often 
retained in an enclosure only by an electrical connection such as insertion mto an 
electrical socket Due to vibration during shipping and operation the cards can become 
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loose and dislodged from the electrical connectors. The cards can also be loosened when 
subjected to mounting locations that force the electronic cards to "hang" from the 
electrical socket. The use of active retention devices, such as cams, requires human 
intervention and is not reliable. Loose connections cause operation errors and result in 
time consuming and costly service calls. 

[0010] Often connector blocks are supposed to receive an electronics card in a specific 
orientation and problems arise when the card is able to be plugged into the connector 
block in reverse. 

[0011] Electronic equipment enclosures such as repeater housings are often heavy and 
cumbersome. The enclosures are difficult to carry and maneuver in small places such as 
mounting on telephone poles or into manhole compartments. Any enclosure which 
exceeds a set weight is required to be equipped with a lifting mechanism for attaching 
hoisting cables or chains. Often enclosures are lifted using cable with bundled wires that 
has been potted into the bottom of the enclosure. The stress caused by the weight of the 
enclosure can lead to pull out of the potted cable. 

[0012] In addition, enclosures are subjected to costly replacement when the heat sinks or 
other exterior components are deteriorated by corrosion or otherwise damaged. Complete 
replacement is costly and time consuming often causing a drop in service for subscribers. 
In particular, when assembled welding locations are susceptible to faster corrosion rates. 
[0013] For the reasons stated above, and for other reasons stated below which will 
become apparent to those skilled in the art upon reading and understanding the present 
specification, there is a need in the art for an improved enclosure for electronics 
equipment that overcomes the above noted imitations. 
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Summary 

[0014] The above-mentioned problems with enclosures for electronics equipment and 
other problems are addressed by embodiments of the present invention and will be 
understood by reading and studying the following specification. 
[0015] One embodiment provides an electronics enclosure. The enclosure includes a 
cylindrical body, one or more modular card cages adapted to receive one or more 
electronic circuit cards. The one or more modular card cages including an outer frame 
me mber in direct physical and thermal contact with an inner wall of the cylindrical body, 
an inner frame member, one or more support members coupled between the outer frame 
member and the inner frame member, and a plurality of electronic device retainers 
adapted to couple to the modular card cage and hold each of the one or more electronic 
circuit cards in direct physical and thermal contact with one of the one or more support 
members. The support members provide an isolated heat dissipation path for heat, 
produced by each of the one or more electronic circuit cards, to be removed from the 
enclosure. 

[0016] One embodiment provides another electronics enclosure. The electronics 
enclosure includes a cylindrical body and one or more modular card cages adapted to 
receive one or more electronic circuit cards. The one or more modular card cages 
including an outer frame member in direct physical and thermal contact with an inner 
wall of the cylindrical body, an inner frame member, one or more support members 
coupled between the outer frame member and the inner frame member, and a plurality of 
electronic device retainers adapted to couple to the modular card cage and hold each of 
the one or more electronic circuit cards in direct physical and thermal contact with one of 
the one or more support members. The support members provide an isolated heat 
dissipation path for heat, produced by each of the one or more electronic circuit cards, to 
be removed from the enclosure. The enclosure further includes a printed circuit board 
adapted to couple to each of the one or more modular card cages. Each printed circuit 
board includes one or more connector blocks and a single champ connector and the one 
or more connector blocks are each adapted to receive one of the one or more electronic 
circuit cards. 
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[0017] One embodiment provides a repeater housing. The repeater housing includes a 
plurality of modular card cages adapted to couple with one or more repeaters. Each 
modular card cage includes a curved outer frame member, a curved inner frame member, 
one or more wedged support members coupled between the outer frame member and the 
inner frame member and one or more electronic device retainers adapted to couple to the 
modular card cage and form a slot to receive and hold the one or more repeaters in direct 
physical and thermal contact with the one or more wedged support members. The 
modular card cage is fabricated of a thermally conductive material. Energy produced by 
the one or more repeaters is directed out of the repeater housing via isolated heat 
dissipation paths created by the plurality of modular card cages. 
[0018] One embodiment provides a method of extracting heat from a sealed electronics 
equipment enclosure. The method includes moving energy produced by one or more 
electronic cards, enclosed within the electronics equipment enclosure, to the exterior of 
the enclosure via a modular card cage. The modular card cage is comprised of a plurality 
of support members and the one or more electronics cards are each in contact with one of 
the plurality of support members. The method further includes dissipating the energy to 
air ambient to the electronics equipment enclosure via the modular card cage. 
[0019] Another embodiment provides a method of creating an isolated heat dissipation 
path. The method includes thermally contacting one or more electronic circuit cards with 
a wedged support member of a modular card cage. The modular card cage includes a 
curved outer member coupled to a curved inner member via the wedged support member. 
The wedged support member is substantially perpendicular to both the inner and outer 
curved members. The method further includes encasing the modular card cage within an 
electronics enclosure, forcing the modular card cage into thermal and physical contact 
with an inner wall of the electronics enclosure, and drawing energy from the one or more 
electronic cards to the exterior of the electronics enclosure via the modular card cage. 
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Brief Description of the Drawings 
[0020] Figure 1 is an illustration of one embodiment of an electronic equipment 
enclosure according to the teachings of the present invention. 
[0021] Figure 2 is an illustration of another embodiment of an electronic equipment 
enclosure according to the teachings of the present invention. 
[0022] Figure 3a is an illustration of a top view of one embodiment of a modular card 
cage according to the teachings of the present invention. 

[0023] Figure 3b is an illustration of a top view of another embodiment of a modular card 
cage according to the teachings of the present invention. 

[0024] Figure 4 is an illustration of a top view of one embodiment of a modular card cage 
according to the teachings of the present invention. 

[0025] Figure 5 is an illustration of a top view of one embodiment of a modular card cage 
according to the teachings of the present invention. 

[0026] Figure 6a is an illustration of one embodiment of an electronic equipment 
enclosure including modular card cages and electronic device retainers according to the 
teachings of the present invention. 

[0027] Figure 6b is an illustration of another embodiment of a spacer according to the 
teachings of the present invention. 

[0028] Figure 7 is an isometric view of one embodiment of a modular card cage 
according to the teachings of the present invention. 

[0029] Figure 8a is an illustration of one embodiment of a strain relief for an electronics 
enclosure according to the present invention. 

[0030] Figure 8b is an illustration of one embodiment of an assembled strain relief 
according to the present invention. 

[0031] Figure 9 is an illustration of a connector block and electronics card according to 
the present invention. 



Attorney Docket No. 100.605US01 



6 



[0032] Figure 10 is an illustration of a lid storage system according to the teachings 
the present invention. 
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Detailed Description 

[0033] In the following detailed description, reference is made to the accompanying 
drawings that form a part hereof, and in which is shown by way of illustration specific 
illustrative embodiments in which the invention may be practiced. These embodiments 
are described in sufficient detail to enable those skilled in the art to practice the invention, 
and it is to be understood that other embodiments may be utilized and that logical, 
mechanical and electrical changes may be made without departing from the spirit and 
scope of the present invention. The following detailed description is, therefore, not to be 
taken in a limiting sense. 

[0034] Embodiments of the present invention provide improvements in heat dissipation 
for electronic equipment enclosures such as telecommunications repeater housings. The 
present invention provides efficient systems and methods of removing heat from 
electronic equipment enclosures. Embodiments of the present invention provide isolated 
heat dissipation paths for electronics equipment within the electronics enclosure. 
[0035] An electronics enclosure is provided. The enclosure includes a modular card cage 
adapted to receive one or more electronic circuit cards and come in direct contact with a 
wall of the enclosure. The modular card cage provides an isolated heat dissipation path 
for heat, produced by each of the one or more electronic circuit cards, to be removed 
from the enclosure. 

[0036] Figure 1 is an illustration of one embodiment of an electronic equipment 
enclosure, indicated generally at 100, according to the teachings of the present invention. 
In one embodiment, enclosure 100 is a telecommunications repeater housing. In one 
embodiment, housing 100 includes cylindrical body 1 1 1 having a lid 102 and base 115. 
The base 1 15 is adapted to couple to a mounting bracket 1 13. The enclosure 100 is 
further adapted to receive cable 107. 

[0037] In one embodiment, electronic equipment enclosure 1 00 including body 111, 
base 115, lid 102 and mounting bracket are manufactured of thermally conductive 
materials. In one embodiment, the materials are stainless steel, aluminum, copper or the 
like. 
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[0038] Electronic cards such as telecommunications repeaters and other electronic 
equipment are often housed in enclosures such as electronic equipment enclosure 100 and 
are required to bear the elements such as ground water, sun, rain, salt fog, pollution, heat, 
cold, as well as fire. Telecommunications equipment enclosures are often required to be 
sealed against a pressure differential. These sealed enclosures are also required to 
dissipate energy generated by the electronic cards. Many enclosures trap heat generated 
by the electronics. The build up of heat within these enclosures can cause significant 
problems for the electronic equipment by pushing the temperature limits of the electronic 
devices and causing device failure. 

[0039] Housing 100 provides an enclosure for electronic cards and protects them from 
the environment, e.g. water, heat, sun, salt fog, temperature extremes and the like. In one 
embodiment, housing 100 is sealed against a pressure differential. 
[0040] Figure 2 is an illustration of one embodiment of an electronic equipment 
enclosure, shown generally at 200, according to the teachings of the present invention. 
Electronic equipment enclosure 200 includes a cylindrical body 211 that encases a 
plurality of modular card cages 218-1 to 218-N. In one embodiment, cylindrical body 
211encases up to four card cages 218 and each card cage 218 has been molded, extruded, 
or the like from a thermally conductive material such as aluminum. In one embodiment, 
the extrusion is through an aluminum die. In another embodiment, modular card cages 
218 are machined. In alternate embodiments, card cage 218 may be a single structure or 
multiple structures to form a cylindrical shape. 

[0041] Enclosure 200 further includes a spacer 222 that is adapted to attach to each card 
cage 218 and aids in keeping each card cage 218 in direct contact with an inner wall 203 
of cylindrical body 211 by forcing the card cages 218 outward toward inner wall 203. 
Embodiments of the present invention provide multiple modular card cages, such as card 
cages 218 that are independent structures and provide isolated heat dissipation paths for 
electronic circuit cards such as repeaters. In one embodiment, each modular card cage 
218-1 to 218-N is identical and they fit together to form a hollow cylindrical card cage 
adapted to contain electronics equipment and are in direct contact with an inner wall 203 
of cylindrical body 21 1 . In one embodiment, the electronics equipment includes single 
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wide and double wide repeaters for T-l, ISDN, DDS, HDSL and the like. In other 
embodiments, the electronics equipment are comprised of any number of electronics 
devices or cards. 

[0042] In one embodiment, enclosure 200 is adapted to retain up to 16 single wide 
repeaters 236, up to 8 double wide repeaters, or a combination thereof. As shown in 
figure 2, enclosure 200 contains eight single wide repeaters 236. Each repeater 236 has 
an equal heat dissipation path to the exterior of enclosure 200. 
[0043] In one embodiment, cylindrical body 21 1 is made of a substantially thermally 
conductive material. In one embodiment, the material is also substantially non-corrosive 
such as stainless steel or the like. 

[0044] Isolated heat dissipation paths reduce electronic card device failure, due to heat 
build up, by providing a direct path to remove heat from an equipment enclosure such as 
enclosure 200. Embodiments of the present invention provide substantially equal heat 
dissipation paths for each of the electronic cards or repeaters 236 in the enclosure 200. 
Each electronic card 236 is in direct thermal contact with a support member 232 of a 
modular card cage 218 and each modular card cage is in direct thermal contact with an 
inner wall 203 of cylindrical body 21 1 . As a result each electronic card 236 has a 
substantially equal heat dissipation path to the exterior of enclosure 200. 
[0045] Figure 3a is an illustration of a top view of one embodiment of a modular card 
cage, shown generally at 3 1 8-a, according to the teachings of the present invention. In 
one embodiment, card cage 31 8-a is adapted to couple to up to four electronic cards as 
depicted by 336-a and provide an isolated heat transfer path for each of the electronic 
cards. In one embodiment, card cage 3 1 8-a is manufactured of a thermally conductive 
material. In on embodiment, this material is aluminum or the like. In one embodiment, 
card cage 318-a includes an outer frame member 331-a that is curved to match the shape 
of the inner wall of an electronics enclosure such as enclosure 200 of Figure 2. Card cage 
318-a further includes an inner frame member 339 which follows the shape of outer 
frame member 331-a. Card cage 318-a includes support members 332-a that are 
substantially wedge shaped and are coupled between outer frame member 331-a and 
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inner frame member 339. In one embodiment, each support member 332-a is adapted to 
couple with up to two electronic cards 336-a. 

[0046] Outer frame member 33 1 -a is further adapted to couple with an inner wall of an 
electronics housing as described with respect to figure 2 above. In another embodiment, 
modular card cage 318-a includes only a single support member 332-a adapted to couple 
with up to two electronics cards 336-a. In one embodiment, each support member 332-a 
is substantially perpendicular to outer frame member 331-a and inner frame member 339. 
In one embodiment, each support member 332-a includes an aperture 323-a that runs the 
length of support members 332-a. In one embodiment, aperture 323-a acts as a heat duct 
and directs heat up and out of the modular card cage 3 1 8-a. 

[0047] In another embodiment, aperture 323-a is filled with a material that is different 
than the material modular card cage 3 1 8-a is manufactured from. For example, in one 
embodiment, modular card cage 318-a is manufactured from aluminum and aperture 332- 
a is filled with a phase change material, a different type of aluminum or other thermally 
conductive material. 

[0048] In one embodiment, modular card cage 318-a includes a plurality of attachment 
points 358 and 359. In one embodiment, attachment points 359 are adapted to receive 
fasteners such as a screw, pin or the like for coupling with a spacer (222) as described 
with respect to figure 2 above or other frame structure. In one embodiment, attachment 
points 358 are adapted to receive fasteners such as a screw, pin or the like for coupling 
with a device retainer as described below with respect to figure 6 below. In one 
embodiment, attachment points 358 are also grooves that run the length of modular card 
cage 318-a and are adapted to receive and secure device retainers as described below with 
respect to figure 6. 

[0049] Figure 3b is an illustration of a top view of another embodiment of a modular card 
cage, shown generally at 318-b, according to the teachings of the present invention. Card 
cage 318-b is adapted to couple to up to four electronic cards as depicted by 336-b and 
provide an isolated heat transfer path for each of the electronic cards. In one 
embodiment, card cage 3 1 8-b is manufactured of a thermally conductive material. In on 



Attorney Docket No. 100.605US01 



11 



embodiment, this material is aluminum or the like. In one embodiment, card cage 3 1 8-b 
includes an outer frame member 331-b that is curved to match the shape of the inner wall 
of an electronics enclosure such as enclosure 200 of Figure 2. Card cage 318-b includes 
support members 332-b that are substantially wedge shaped and are coupled to outer 
frame member 331-b. Each support members 332-b is adapted to couple with up to two 
electronic cards 336-b. 

[0050] Outer frame member 331-b is further adapted to couple with an inner wall of an 
electronics housing as described with respect to figure 2 above. In another embodiment, 
modular card cage 318-b includes only a single support member 332-b adapted to couple 
with up to two electronics cards 336-b. In one embodiment, each support member 332-b 
is substantially perpendicular to outer frame member 331-b. In one embodiment, each 
support member 332-b includes an aperture 323-b as described above with respect to 
Figure 3 a. 

[0051] In one embodiment, modular card cage 318-b includes a plurality of attachment 
points 358 and 359 as described with respect to Figure 3a above. 
[0052] Figure 4 is an illustration of a top view of one embodiment of a modular card 
cage, shown generally at 418, according to the teachings of the present invention. Card 
cage 418 is adapted to couple to up to four electronic cards as depicted by 436 and 
provide an isolated heat dissipation path for each of the electronic cards. In one 
embodiment, card cage 418 is manufactured of a thermally conductive material. In on 
embodiment, this material is aluminum or the like. In one embodiment, card cage 418 
includes an outer frame member 431 that is curved to match the shape of the inner wall of 
an electronics enclosure such as enclosure 200 of Figure 2. Card cage 418 further 
includes an inner frame member 439 which follows the shape of outer frame member 
431. Card cage 418 includes support members 432 that are substantially wedge shaped 
and are coupled between outer frame member 43 1 and inner frame member 439. In one 
embodiment, each support member 432 is adapted to couple with up to two electronic 
cards 436. 
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[0053] Outer frame member 43 1 is further adapted to couple with an inner wall of an 
electronics housing as described with respect to figure 2 above. In another embodiment, 
modular card cage 418 includes only a single support member 432 adapted to couple with 
up to two electronics cards 436. In one embodiment, each support member 432 is 
substantially perpendicular to outer frame member 43 1 and inner frame member 439. In 
one embodiment, each support member 432 is hollow and includes an aperture 423 that 
runs the length of support members 432. In one embodiment, aperture 423 acts as a heat 
duct and directs heat up and out of the modular card cage 418. 
[0054] In one embodiment, modular card cage 418 includes a plurality of attachment 
points 458 and 459. Attachment points 458 and 459 are similar to attachment points 358 
and 359 as described above with respect to Figures 3a and 3b. 
[0055] Figure 5 is an illustration of a top view of one embodiment of a modular card 
cage, shown generally at 518, according to the teachings of the present invention. Card 
cage 518 is adapted to couple to up to four electronic cards as depicted by 536 and 
provide an isolated heat dissipation path for each of the electronic cards. In one 
embodiment, card cage 3 1 8-a is manufactured of a thermally conductive material. In on 
embodiment, this material is aluminum or the like. In one embodiment, card cage 518 
includes an outer frame member 531 that is curved to match the shape of the inner wall of 
an electronics enclosure such as enclosure 200 of Figure 2. Card cage 518 further 
includes an inner frame member 539 that follows the shape of outer frame member 531. 
Card cage 518 includes support members 532 that are substantially wedge shaped and are 
coupled between outer frame member 53 1 and inner frame member 439. In one 
embodiment, each support member 532 is adapted to couple with up to two electronic 
cards 536. 

[0056] Outer frame member 53 1 is further adapted to couple with an inner wall of an 
electronics housing as described with respect to figure 2 above. In another embodiment, 
modular card cage 518 includes only a single support member 532 adapted to couple with 
up to two electronics cards 536. In one embodiment, each support member 532 is 
substantially perpendicular to outer frame member 53 1 and inner frame member 539. In 
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this embodiment, each support member 532 is solid. Support members 532 provide 
isolated heat dissipation paths for each of the electronic cards 536. 
[0057] In one embodiment, modular card cage 5 1 8 includes a plurality of attachment 
points 558 and 559. Attachment points 558 and 559 are similar to attachment points 358 
and 359 as described above with respect to Figures 3a and 3b. 

[0058] It is understood that although modular card cages 318-a, 318-b, 418 and 518 are 
shown with 2 support members and adapted to couple to 4 electronic cards the modular 
card cages may be any size, include any number of support members and be adapted to 
couple to any number of electronic cards. For example, currently 4 modular card cages 
are designed to fit within an electronics enclosure but the modular card cages designed to 
fit within an electronics enclosure could be one or more. 
[0059] Figure 6a is an illustration of one embodiment of an electronic equipment 
enclosure including modular card cages and electronic device retainers, shown generally 
at 600, according to the teachings of the present invention. Efficient heat dissipation 
requires consistent and preferably direct contact between materials, e.g., electronic cards, 
card cages, and enclosures. Embodiments of the present invention provide systems and 
methods to get and keep electronics cards in contact with modular card cages 618. If 
good contact is not maintained poor heat dissipation results and the rate of failure for the 
electronic devices is high. Active compression devices such as cams require a technician 
or user to engage the device. The active compression devices are prone to failure and are 
often overlooked by technicians. Additionally, electronic cards come in many different 
styles and contact with heat dissipation members do not take into consider open frame 
repeaters where the repeaters are encased in a box or frame with a portion of the sides 
removed. 

[0060] Enclosure 600 includes a cylindrical body 61 1 including multiple modular card 
cages618-l to 61 8-R and multiple printed circuit boards 680-1 to680-R. Each printed 
circuit board 680 includes a plurality of connector blocks 681. Each connector block 681 
is adapted to receive one electronics card such as repeater 236 discussed with respect to 
Figure 2 above. Each printed circuit board 680 further includes a single connector 685 
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adapted to receive transmissions to/from a cable. In one embodiment, connector 685 is a 
champ connector. In this embodiment, the need for wire wrapping is eliminated. In one 
embodiment, connector blocks 681 have been redesigned to include surge protection. 
This reduces the number of connectors for each circuit board 680 and the footprint of 
each printed circuit board 680. Each printed circuit board 680 is adapted to couple to a 
respective modular card cage 61 8 via one or more fasteners 662. Fasteners 662 include 
screws, clamps, rivets, pins or the like. 

[0061] Each modular card cage 618 is adapted to couple with up to four electronics 
cards. Isolated heat dissipation paths for energy produced by each electronics card to exit 
electronic equipment enclosure 600 are created through the combination of modular card 
cage 618 and wall 603 of cylindrical body 611. In this embodiment, there are shown 4 
modular card cages 618 each providing isolated heat dissipation paths for up to 4 
electronic cards. The modular card cages 61 8 each provide direct isolated heat 
dissipation paths for the energy from each of the electronic cards to be extracted from the 
enclosure environment to the ambient air. 

[0062] In one embodiment, each modular card cage 618 is adapted to be held in direct 
contact with wall 603 via a first and second spacer 622-a and 623-a, respectively. First 
spacer 622-a is adapted to couple to each modular card cage 61 8 via one or more 
fasteners 660 and force modular card cages 618 into contact with wall 603. Second 
spacer 623-a is adapted to couple to each printed circuit board 680 via one or more 
fasteners 661 and force modular card cages 618 into contact with wall 603. Fasteners 
660 and 661 include screws, clamps, rivets, pins or the like. 

[0063] Contact between electronic cards and modular card cages 618 is accomplished by 
providing electronic device retainers 650 to engage with the electronic device. In this 
embodiment, for each modular card cage 618, 4 device retainers 650 are required for up 
to 4 electronic cards. In one embodiment, each device retainer 650 is adapted to engage 
with grooves 663 of a modular card cage such as modular card cage 6 1 8- 1 . In one 
embodiment, grooves 663 are also used to secure device retainer 650 to modular card 
cage 618. In one embodiment, device retainer 650 includes a top edge 669. In one 
embodiment, top edge 669 includes extension tabs 642 that catch the upper surface 633 
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of modular card cage 618. Extension tabs 642 each provide a slot or hole 673 to receive 
a fastener that is adapted to engage with grooves 663 and secure device retainer 650 in 
place. 

[0064] Once emplaced, device retainer 650 provides consistent contact between 
electronics cards and modular card cage 618. In one embodiment, device retainer 650 is 
made out of a flexible and resilient material such as spring steel or the like. In this 
embodiment, compression retainer 650 includes multiple pressure protrusions 656. 
Protrusions 656 are adapted to push and hold electronic cards into contact with support 
members 632 of modular card cages 61 8. 

[0065] There are many different types of electronics cards for use with this device 
retainer 650. Pressure protrusions 656 may be aligned on device retainer 650 to provide 
the best contact between an electronics card and support member 632 of card cage 618. 
In one embodiment, pressure protrusions 656 are placed as close to each edge of device 
retainer 650 to engage with the electronics device. For example in one embodiment, 
electronic cards are designed with a hollow frame surrounding the repeater electronics. 
In another embodiment, pressure protrusions 656 are placed device retainer 650 to 
provide even pressure contact between an electronic card and support member 632 of 
card cage 618. 

[0066] Figure 6b is an illustration of another embodiment of a spacer 622-b. In this 
embodiment, each modular card cage 618 as discussed with respect to Figure 6a is 
adapted to be held in direct contact with wall 603 via a first and second spacer 622-b and 
623-b, respectively. First spacer 622-b is adapted to couple to each modular card cage 
618 via one or more fasteners 660 and force modular card cages 618 into contact with 
wall 603. First spacer 622-b includes one or more fingers 692-1 to 692-G. Each finger 
692 is adapted to push modular card cages 618 into contact with wall 603. In one 
embodiment, spacer 622-b including fingers 692 are made from spring steel or the like. 
In one embodiment, fingers 692 are made of a material that has memory. In one 
embodiment, spacer 622-b is pressed into place inside of modular card cages 618 and fits 
snuggly in place to provide pressure on modular card cages 618. In one embodiment, 
spacer 622-b includes eight fingers 692. Second spacer 623-b is adapted to couple to 
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each printed circuit board 680 via one or more fasteners 661 and force modular card 
cages 618 into contact with wall 603. Fasteners 660 and 661 include screws, clamps, 
rivets, pins or the like. 

[0067] Figure 7 is an isometric view of one embodiment of a modular card cage 718 
according to the teachings of the present invention. In this embodiment, a device retainer 
750 is shown engaged with an electronics card 736. In this embodiment, device retainer 
750 is engaged with electronic cards 736 and presses electronic card 736 into contact 
with support member 732 of card cage 718. Device retainer 750 secures each electronic 
card 736 into a slot defined by the engagement of modular card cage 718 and device 
retainer 750. Once device retainer 750 is emplaced, a slot for receiving electronic card 
736 is defined. In one embodiment, electronic card 736 is removed by releasing device 
retainer 750. 

[0068] Electronics cards are susceptible to vibration and gravity. Cards are often 
retained only by an electrical connection such as insertion into an electrical socket. Due 
to vibration during shipping and operation the cards can become loose and dislodged 
from the electrical connectors. The cards can also be loosened when subjected to 
mounting locations that force the electronic cards to "hang" from the electrical socket. 
The use of active retention devices require human intervention and are not reliable. 
Loose connections cause operation errors and result in time consuming and costly service 
calls. Device retainers 750 aid in solving these problems by engaging with modular card 
cages 718 to provide card guides for the insertion of electronic circuit cards such as 
electronic card 736. Device retainer 750 keeps a positive pressure on electronic card 736 
and provides consistent contact between the electronic card 736 and modular card cage 
718. It is understood that device retainer 736 may be made of any size or shape to suit 
the type of electronic card 736 and include any number of pressure protrusions 756. As a 
result electronic card 736 is held in direct thermal contact with card cage 718. Device 
retainer 750 aids in providing direct isolated heat dissipation paths from the electronic 
card 736 to the exterior of the enclosure, such as enclosure 600 of Figure 6 above. 

[0069] Embodiments of the present invention reduce the overall weight of electronics 
enclosures by replacing single structure card cages with modular card cages. 
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Embodiments of the present invention simplify the manufacturing and assembly of 
electronic housings. The modular card cages reduce weight and parts in manufacturing 
as well as allow for independent and fixed compression devices to retain the electronic 
cards. Embodiments of the present invention provide an environmental and pressure 
seal to protect and maintain the electronics enclosure as well as allowing field replaceable 
heat sinks without breaking a seal. 

[0070] Figure 8a is an illustration of one embodiment of a strain relief for an electronics 
enclosure, shown generally at 800, according to the present invention. The illustration 
includes a portion of an electronics enclosure 8 1 1 having a mounting structure 88 1 . A 
strain relief device 899 is shown in an assembled view and includes a 2 part structure 
having a first member 895 and a second member 896 that mate together to provide strain 
relief for cable stub 807. 

[0071] In operations strain relief 899-a enables the equipment enclosure 81 1 to be lifted 
using cable stub 807 without unseating the cable stub 807 from the base of electronics 
enclosure 811. As a result equipment enclosure 8 1 1 does not require cable stub 807 to be 
fully potted into the base 815 of enclosure 81 1. This enables the cables such as cable 
stub 807 and enclosures such as 81 1 to be manufactured separately and be fully modular. 

[0072] Figure 8b is an illustration of one embodiment of an assembled strain relief 899 
according to the present invention. The assembled strain relief 899 includes first member 
895 and second member 896 as shown in Figure 8a. 

[0073] Figure 9 is an illustration of a connector block and electronics card, shown 
generally at 900, according to the present invention. Connector block 981 has been 
designed to be smaller in size yet include surge protection. In one embodiment, 
connector block 981 is approximately 2.30" in length and .90" wide approximately 40% 
smaller than previous designs. Connector block 981 includes a plurality of fuse sockets 
947 and a slot 961 adapted to receive an edge of electronics card 936. Slot 961 has been 
lengthened to enable receipt of a variety of manufacturer's electronics cards. In 
operation, electronics card 936 is inserted into a slot formed by a device retainer and 
modular card cage as described with respect to figure 7 above and is received by 
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connector block slot 961 . In contrast to previous designs, when electronics card 936 is 
inserted incorrectly the size of the slot formed by the device retainer and modular card 
cage along with the location of connector block 981 on a printed circuit board will 
prohibit the electronics card from being inserted into connector block slot 961 . This acts 
as a safety device and protects the electronics on card 936. 

[0074] In addition, in one embodiment, connector block 981 includes a plurality of eased 
edges 949 that act as a keying feature and guides the electronics card 936 into connector 
block slot 961. The eased edges 949 aid in the assembly of the electronics equipment 
enclosure. Further, connector block 981 includes a plurality of spines 998 that separate 
each fuse sockets 947. Spines 998 also aid in prohibiting electronics card 936 from being 
inserted into fuse sockets 947. Spines 998 stop the edge of electronics card 936. 

[0075] Figure 10 is an illustration of a lid storage system, shown generally at 1002, 
according to the teachings of the present invention. Lid storage system 1000 includes a 
lid 1002 for an equipment enclosure such as 100 described with respect to figure 1 . 
System 1000 further includes a holder 1028 for tools or equipment to be stored within an 
equipment enclosure. The tools or equipment may include one or more of a test card, 
fuse tool, spare fuses, desiccant, or the like. Holder 1028 is secured to lid 1002 via 
fasteners 1024. Fasteners 1024 include one or more of screws, fastener assemblies (nuts, 
bolts, and washers), pins rivets or the like. Holder 1028 further includes a retention strap 
1021 to secure the tools or equipment in place and protect them from vibration and loss. 
In one embodiment, retention strap 1021 is made from hook and pile material. In one 
embodiment, lid 1002 is dome shaped and reduces corrosion by shedding moisture on the 
outside. By being dome shaped, lid 1002 also reduces dripping of moisture onto 
electronics on the inside by encouraging the moisture to run toward the edge of the lid on 
the inside. 
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